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Description 

In welding, cutting, surface treatment or the like 
by a laser processing device, a laser beam is 
emitted from a laser oscillator and the path of the 
beam is changed by a reflector while the beam is 
focussed by a lens on the work to be processed. 
Such laser processing devices involve the problem 
that the path of the laser beam to be directed to the 
work may undesirably deviate due to a slight 
inclination or offset of the mirrors incorporated in 
the optical system due to temperature changes. 
This problem is serious particularly in laser 
devices for production purposes because the laser 
source in such devices is usually located a distance 
away from the work, so that the offset of the beam 
path is amplified. Thus, even a small deviation at 
the laser source results in an unacceptable large 
offset at the position of the work. This offset of the 
beam path causes not only a change in the position 
of application of the beam onto the Work but also a 
deviation of part of the laser beam from the 
effective plane of the optical system, which results 
in a scattering of the laser beam, thus a reduced 
efficiency of the laser power, so that the proces- 
sing performance of the laser is effected. 

It is an object of the invention to detect the 
position of a laser beam as accurately as possible 
and without causing any substantial loss of beam 
power. 

This object is met in accordance with the method 
and apparatus called for in claims 1 and 2, 
respectively. According to this method and 
apparatus, the difference between the resistances 
of two parallel elongate members is detected, 
which members are made of a material that 
changes its resistance upon receipt of a laser 
beam. The two members are moved transversely 
of the beam axis until the difference between their 
resistances becomes zero. Due to this differential 
measurement, most factors influencing the 
measurement are eliminated so that the position 
of the laser beam is located with high accuracy. 

The concept of moving such elongate members 
transversely of a laser beam and measuring a 
resistance-change is known from UK patent 
GB — A— 2 001 612. This document, however, is 
concerned with measuring the power of heat 
radiation, rather than the position of a beam. 
There, the elongate members are constituted by 
filament connected in zigzag-fashion to a disk 
which is adapted to rotate through the radiation 
beam. It is necessary that the filament.is moved 
through the entire cross-section of the beam in 
order to measure the total beam power. 
. Similarly, the system disclosed in Sov. J. Quant. 
Electron. 1975, pages 1337 to 1339, is concerned 
with measuring the power of laser radiation, rather 
than detecting the position of a laser beam. Also, 
the power-sensitive filament of this prior art 
system is not moved through the beam cross- 
section but is formed as a stationary grid through 
which the beam passes. 

An embodiment of the invention will now be 
described with reference to the drawing, in which 



Fig. 1 is a schematic illustration of a laser 
processing device incorporating an apparatus for 
detecting the position of the laser beam; 
Fig. 2 is a sectional view of the position detecting 
5 apparatus of Fig. 1 ; and 

Fig. 3 is a graph showing the relationship 
between the resistance change and the position of 
the center of the laser beam. 
In the laser processing device of Fig. 1, which 
io may be used for welding, cutting, surface treat- 
ment or similar purposes, a laser 1 is constituted 
by an exciting region, a concave mirror and an 
output mirror, and is adapted to emit a laser beam 
2 which is successively directed towards reflecting 

is mirror devices 5 and 7. The reflecting mirror 
devices 5 and 7 are respectively provided with full- 
reflecting mirrors 501, 507 inclined at 45° with 
respect to the laser beam 2, and rotary driving 
means 502, 702 adapted to rotate the mirrors 

20 around axes which are parallel to the planes of the 
mirrors. The laser beam 2 emitted from the full- 
reflecting mirror 7 is directed towards a lens 9 and 
is focussed on the work 10 to be processed. 
The position detecting apparatus 1 1 , which has a 

25 construction as shown in Fig. 2, is disposed in the 
path of the laser beam between the mirror device 7 
and the lens 9. The apparatus comprises two 
parallel thin wires 1 3a, 1 3b spaced from each other 
and disposed across the laser beam 2, a frame 17 

30 carrying the wires 13a, 13b, and a driving 
mechanism 23. 

The thin wires 1 3a, 1 3b are made from a material 
which varies its electrical resistance in accordance 
with temperature change, such as for example 

35 gold, platinum, copper plated with gold or 
platinum, and so forth. The thin wires 13a, 13b 
preferably have such a shape that the amount of 
laser beam interrupted by the wires is minimized, 
i.e. they have a circular cross-section, although 

40 other cross-section shapes are possible. In case 
the thin wires 13a, 13b have a rectangular cross- 
section, they are placed such that the longer side of • 
the cross-sectional shape is parallel to the travel- 
ling direction of the laser beam. 

45 The frame 15 has a U-shape with a pair of 
holders 17 spaced and electrically insulated from 
each other by an insulator 19. The thin wires 13a, 
13b are secured at both of their ends to the holders 
17 by welding, soldering or the like. At one of their 

so ends, the wires 13a, 13b are insulated from each 
other by an insulator 35. 

The holders 17 are made from a material having 
a high heat conductivity and are provided with 
water channels 18 through which cooling water is 

55 circulated to cool the holders 17 down to a 
substantially constant temperature. This is 
because the holders are heated by the heat 
conducted from the thin wires 13a, 13b and would 
in turn gradually hea't the thin wires, which would 

60 prevent a correct measurement of the change of 
resistance as a function of the incoming laser 
beam. 

The driving mechanism 23 has a base 24, a 
movable table 25 is adapted to slide on the base 24, 
65 a screw rod 27 engaging a threaded bore formed in 
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the movable table 25, and a motor 29 connected to 
the screw rod 27 to drive the latter. The movable 
table 25 is adapted to be moved in the X-direction 
in response to the direction of rotation of the motor 
29, i.e. in the axial direction of the screw rod 27 
shown in Fig. 2. The frame 15 is fixed to the 
movable table 25 for movement therewith. 

The above apparatus operates as follows. The 
laser beam 2 emitted from the laser 1 is directed 
through the optical system towards the work 10 to 
be processed. The movable table 25 is driven 
along the X-axis (Fig. 3) by actuation of the motor 
29 so that the thin wires 13a, 13b move trans- 
versely of the laser beam 2 at a right angle to the 
latter as indicated in Fig. 2. The thin wires 13a, 13b 
intercept an amount of the laser beam which 
corresponds to the cross-sectional area occupied 
by the thin wires, thereby being heated. The resis- 
tances of the thin wires 13a, 13b ^hange in 
accordance with the change in temperatures. The 
wires 13a, 13b are connected to a resistance meter 
21 which is capable of measuring the difference AR 
between 21 the resistance of the wire 13a and that 
of the wire 13b. 

In order to detect the center of the laser beam 2, 
the thin wires 13a, 13b are moved in such a manner 
as to negate the difference between their 
resistances. The position at which the resistance 
difference becomes zero is the position of the 
center of the laser beam, as indicated in Fig. 3. 

Claims 

1. A method of detecting a parameter of a laser 
beam, comprising 

placing an arrangement of elongate members 
(13a, 13b) across the laser beam (2), the members 
(13a, 13b) being thin relative to the beam diameter 
and made of a material which changes its 
resistance upon receipt of the laser beam (2), 

producing relative movement between the 
arrangement and the laser beam (2) transversely 
of the beam axis, and 

measuring the change of the resistance of the 
members (13a, 13b), 

characterised in that, for detecting the position 
of the laser beam (2), 

two said members (13a, 13b) are placed parallel 
to, and spaced from, each other, and 

said movement is produced so as to null the 
difference between the resistances of the two 
members (13a, 13b). 

2. An apparatus for detecting a parameter of a 
laser beam, comprising 

an arrangement of elongate members (13a, 13b) 
extending across the laser beam (2), the members 
(13a, 13b) being thin relative to the beam diameter 
and made of a material which changes its 
resistance upon receipt of the laser beam, 

driving means (23) for producing relative move- 
ment between the arrangement and the laser 
beam (2) transversely of the beam axis, and 

a resistance meter (21) for measuring the 
change of the resistance of the members (13a, 
13b), 



characterised in that, for detecting the position 
of the laser beam (2), 
the arrangement Includes two said members 
♦ (13a, 13b) extending parallel to, and spaced from, 
s each other, and 

the resistance meter (21 ) is adapted to detect the 
difference between the resistances of the two 
members (13a, 13b). 

3. The apparatus of claim 2, wherein the elon- 
10 gate members (13a, 13b) are cooled at both ends. 

4. The apparatus of claim 2 or 3, including a 
frame (15) having a pair of holders (17) electrically 
insulated from each other for supporting the two 
elongate .members (13a, 13b), the holders (17) 

is being made of heat conductive material and 
provided with cooling means (18). 

5. The apparatus of claim 4, wherein the ends of 
the two elongate members (13a, 13b) supported 
by one of the holders (17) are electrically insulated 

20 from each other by an insulator (35). 

Patentanspruche 

1. Verfahren zum Erfassen eines Parameters 
25 eines Laser-Strahls, wobei 

eine Anordnung langlicher Bauteile (13a, 13b) 
quer zu dem Laser-Strahl (2) plaziert wird, wobei 
die Bauteile (13a, 13b) relativ zum Strahldurch- 
messer diinn sind und aus einem Material be- 
30 stehen, dessen Widerstand sich bei Empfang des 
Laser-Strahls (2) andert, 

eine Relativbewegung zwischen der Anordnung 
und dem Laser-Strahl (2) quer zur Strahlachse er- 
zeugt wird, und 
35 die WiderstandsSnderung der Bauteile (13a, 
13b) gemessen wird, 

dadurch gekennzeichnet, daft zum Erfassen der 
Lage der Laser-Strahls (2) 

die Bauteile (13a, 13b) parallel zu- und in Ab- 
40 stand voneinander angeordnet werden und 

die Bewegung ao ausgefuhrt, daft die Differenz 
zwischen den Widerstanden der beiden Bauteile 
(13a, 13b) zu Null wird. 

2. Vorrichtung zum Erfassen eines Parameters 
45 eines Laser-Strahls, mit 

einer Anordnung von quer zu dem Laser-Strahl 
(2) verlaufenden langlichen Bauteilen (13a, 13b) 
die relativ aum Strahldurchmesser dunn sind und 
aus einem Material bestehen, dessen Widerstand 
so sich bei Empfang des Laser-Strahls (1) andert, 

einer Antriebseinrichtung (23) zur Erzeugung 
einer Relativbewegung zwischen der Anordnung 
und dem Laser-Strahl (2) quer zur Strahlachse, und 

einem Widerstands-Meftgerat (21) zum Messen 
55 der Widerstandsanderung der Bauteile (13a, 13b), 

dadurch gekennzeichnet, daft zum Erfassen der 
Lage des Laser-Strahls (2) 

die Anordnung zwei parallel zu- und in Abstand 
voneinander verlaufende Bauteile (13a, 13b) auf- 
so weist und 

das Widerstandsmeftgerat (21) zur Erfassung 
der Differenz zwischen den Widerstanden der 
beiden Bauteile (13a, 13b) ausgelegt ist. 

3. Vorrichtung nach Anspruch 2, wobei die lang- 
65 lichen Bauteile (13a, 13b) an beiden Enden gekuhll 
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2. Appareil pour detecter un parametre d'un 
faisceau laser, comprenant: 

— un ensemble d'organes allonges (13a, 13b) 
s'etendant en travers du faisceau laser (2), les 

5 organes (13a, 13b) etant minces pour rapport au 
diametre du faisceau et etant constitues en un 
materiau dont la resistance varie lors de la recep- 
tion du faisceau laser (2), 
— ■ des moyens d'entralnement (23) servant a 

jo produire un dgplacement relatif entre I'ensemble 
et le faisceau laser (2), transversalement par 
rapport a I'axe du faisceau, et 

— un appareil (21) de mesure de la resistance, 
servant a mesurer la variation de la resistance des 

is organes (13a, 13b), 

caracterise en ce que, pour la detection de la 
position du faisceau laser (2), 

— I 'ensemble inclut lesdits deux organes (13a, 
13b) paralleles et distants Tune de ('autre, et 

20 — que I'appareil (21) de mesure de resistance 
est apte a detecter la difference entre la resistance 
des deux organes (13a, 13b). 

3. Appareil selon la revendication 2, dans lequei 
les organes allongees (13a, 13b) sont refroidis au 

25 niveau de leurs deux extr6mites. 

4. Appareil selon la revendication 2 ou 3, com- 
prenant un cadre (15) possedant deux supports 
(17) et isoles etectriquement I'un de i'autre et ser- 
vant a supporter les deux organes allonges (13a, 

30 13b), les supports (17) etant constitues en un 
materiau conduisant la chaleur et etant 6quip6s 
de moyens de refroidissement (18). 

5. Appareil sSlon la revendication 4, dans lequei 
Jes extremites des deux organes allonges (13a, 

35 13b) support6s par I'un des supports (17) sont 
isoles eiectriquement Tun de I'autre par un isolant 
(25). 
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sind. 

4. Vorrichtung nach Anspruch 2 oder 3, mit 
einem Rahmen (15), der ein Paar von gegenein- 
ander elektrisch isolierten Haltern (17) zur Halte- 
rung der beiden langlichen Bauteile (13a, 13b) 
aufweist, wobei die Halter (17) auswarmelelt- 
fahigem Material bestehen und mit einer Kuhlein- 
richtung (18) versehen sind. 

5. Vorrichtung nach Anspruch 4, wobei die von 
einem der beiden Halter (17) gehaltenen Enden 
der beiden langlichen Bauteile (13a, 13b) durch 
einen Isolator (35) elektrisch gegeneinander iso- 
liert sind. 

Revendications 

1. Procede de detection d'un parametre d'un 
faisceau laser, consistent a 

— placer un ensemble d'organes allonges (13a, 
13b) en travers du faisceau laser (2), les organes 
(13a, 13b) etant minces par rapport au diametre 
du faisceau etant constitues en un materiau dont 
la resistance varie lors de la reception du faisceau 
laser (2), 

— produire un d6placement relatif entre I'en- 
semble et le faisceau laser (2), transversalement 
par rapport a I'axe du faisceau, et 

— mesurer la variation de la resistance des 
organes (13a, 13b), 

caracterise en ce que, pour la detection de la 
position du faisceau laser (2), 

— lesdits deux organes (13a, 13b) sont disposes 
paralieiement et a distance Tun de I'autre, et 

— que ledit deplacement est produit de ma- 
niere a ahnuier la difference entre les resistances 
des deux organes (13a, 13b). 
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